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limitations of newly added claims 14-24 are new combinations of the already disclosed 
subject matter limitation in the currently pending claims. 

New FIGURE 8 has been enclosed in the current preliminary amendment since 
original FIGURE 8 in the filed application has a section that was unintentionally printed 
as a black area. As described in the original disclosure of FIGURE 8 in the current 
application, the area as indicated by a pair of arrows C-C has been described to have 
gaps. Please note that on page 14, the original disclosure states "the coupling region with 
increasing the gap in the transversal direction together with widening of the width of the 
waveguides according to equation El and E2." Furthermore, revised FIGURE 8 has 
additional figure labels to help the identity of each figure within FIGURE 8. 

New description of FIGURE 8 does not introduce any new matter. The revised 
description describes FIGURE 8 in a clear manner so that every part of FIGURE 8 is 
textually described. The new description only describes the originally disclosed features 
in FIGURE 8 and does not include any new matter. 

Applicant respectfully submits that the current primary amendment is entered. 



KNOBLE & YOSHIDA LLC 
Eight Penn Center, Suite 1350 
1628 John F. Kennedy Blvd. 
Philadelphia, PA 19103 
(215) 599-0600 



Respectfully submitted, 
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FIGURE 8A is a schematic diagram that illustrates a 
fourth preferred embodiment, which includes a plurality of 
single-mode (SM) or multi-mode (MM) input waveguides 6 which 
5 is optically coupled with or connected to a plurality of 
diverging single-mode or multi-mode waveguides 12 at an 
input (B-B) . At an output plane (not shown) , the diverging 
waveguides 12 are optically connected to output waveguides. 
The width w2 of each of the diverging waveguides 12 is 
10 initially less than the critical width and then gradually 

increases to a width that is -larger than the critical width 
and after that to a width equal to that of its respective 
ou tpu t wave guide to this end, the gaps between the 
waveguides 12 follow a pattern in accordance with equations 
15 El 

x = wJ\ + (az) 2 \for x>0 a = ^ /n ^ • w, = i(gap + wg); / = -10...10 

mv a 

The values used in the are_w Q = 1. 0 M m ; n = 3 ; X~ = 1.545 /im ; 
2 0 wg =_ 0.5 ^m ; and gap = 0 . 5_ jaru 

F I GURE S 8B and 8C respectively show a cross secti onal 
view of the wa veguides along B-B and C-C as indicated by a 
corresponding pair of arrows. As shown in FIGURE 8B, a 
2 5 cross secti onal view a t th e interface B-B shows that an 

inter -waveguide gap width wl and a waveguide width w2 are 
substantially e qual . On th e other h a nd, a cross se ctional 
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view at the dive rging port ion_C-C sh ows that an inter- 
waveguide gap width wl is smaller than a waveguide width w2 . 

FIGURES 8D and 8E respectively show a cross sectional 

5 view of the waveguides along dott e d lines A-A and A' -A / as 
indicated by a corresponding pair of arrows . As shown in 
FIGURE 8D, a cross sec tion a l view alon g the line A-A shows 
that an inter -waveguide gap gradually deepens as the 
waveguides 12 diverges^ _0n the other hand , a cross 

10 sectional view along the line A' -A' shows that the waveguide 
surface of_the w avegu ides 6 and 12 maintain the 
s ub s t ant i a 1 1 y hori z ontal p l ane . 

shows the ^ouplir ^Hre^jre^--^^ 
the gap in the transversal direction (x direction) togeth e r 

15 with widening of the width of the waveguides according to 

equation El and E2 . The incrcooing waveguide ridge enhances 

the lateral index contrast between the waveguide and th e ga ^ 
#goffl-ft carly z er o to a high numb c i ( e. g. from 0.01 o r s me 1 1 er- 
fee- 1.0, or hi g h e r, b uL h n u mb ers d ependin g h n n v i^-y— on-^the 

20 fe ypc of wav G guid o- otructuro -bejtfKf-ttgec^ This se-ca-Ued 

trans v ers al tapering of the gap in the coupling region 
a±±ews- t o tailor th e critical width of the wav e guide acros s 
t he coupling section, independently of th e width of the 
waveguide ridge. At the input section o f the coupling 

2 5 f^k> n, a low contrast is requir e d to-4Rirn4ff^-z-e-^pfe^oa-l 
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e nding -- ( omal 1 -^-i-oVge 

the output s e ction a high contrast io r o quircd to maximize 
optical confinement to th e waveguide ridg e regio n — (high 
ridge height of the waveguidoo) - 
5 From th e abov e e xplanation s , — it will be clear that 

in th e optical couplers acco r ding to the present inv e ntion 

least a-t t he -eu t pu t p 1 ane 7 are -adjusted te • aceur-a tely ma ten 

the output waveguid e s a nd thus to operat e at relatively low 

10 loss and cross - talk. 

Further, the device described in this disclosure 
can be considered to operate reciprocal, thereby allowing to 
exchange inputs and outputs and reversing both direction of 
the light and the operation, e.g. in direction from right. 

15 The invention is not restricted to the above- 

described embodiments, which can be varied in a number of 
ways within the scope of the claims. 
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10. The optical coupler according to any one of 
claim I, 2 and 3, wherein the coupler, when electromagnetic 
radiation of a wavelength at which the coupler is designed 
to operate is launched in one of the inputs, generates (an 
5 end field with) an amplitude distribution, which exhibits, 
in a lateral direction, a plurality of peeks and wherein 
(the beginning of) the output waveguides are positioned at 
the lateral positions of these peaks. 

10 11. The optical coupler according to claim 1, 

wherein the all the said waveguides are planar waveguides. 

12. The optical coupler according to claim 1, 
wherein at least one of said optical coupler is used in an 

15 arrayed waveguide grating. 

13. The optical coupler according to claim 1, 
wherein the width of the gaps between the waveguides is 
substantially constant, in combination with gradually 

20 increasing the lateral contrast between the waveguides. 

14. An op tical coup ler comp rising : 

at least one input wav egui de, a coupling r egi on 
optical ly__co_nne_cted to said input waveguide; and 

20 
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a plurality of output waveguides each optically 
connected_to said coupling region, wherein said coupling 
region further comprises a plurality of couple d wav eguides, 

at least some section of said coupled waveguides having a 

5 widt h that is less than a prede t ermined c riti cal width at a 
predetermined wavelength at which said optical cou pler is 
designed to operate, said coupled w a veguide s ove r at least 
another part of their lengths diverging with respect to each 
other in the propagatio n direct i o n of e l ectromagn etic 
10 radiation lau n c h ed i n t he sa i d inp ut waveguide . 

15. The optical coupler according to any on e of 
claim 14, wherein centre lines of at least some of the gaps 

between the waveguides in a coupling region follow the lines 

15 of a Gaussian field in a c cordan ce with equations El as 

follows : 

where z i s the longit u dinal pro pagatiojj_^sj 1 tj^ j ; j jjJ^)_^5 
20 the z-d e pendent later al position o f the centra l l ine of th e 

k th gap ; w k is the position of th e centre of the k th gap at 

z = PJL " °_ i s_ t he _ be am waist at z = 0; X is the wavelengt h in 

vacuum, n e f f is the effective index and R is the radius of 

21 
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16. T h e optical coupler according _t o any one o f 
claim 15, w h e rein th e equa t ions El in clude a l inearised 
5 v e rsion a n d oth er mat hemat ical app roximation of _ the 
equatio n s El. 



17. The optical coupler according to any one of 
claim 14 , where in t he ce ntre li nes of a gap be t ween the 
10 waveguides__in the c oupling region follow the lines of a 
field in accordance with equ ations E2 as follows: 



' f ° rZ<Zk (X/rw) 

w(z)= ; a = ^r 

[w kA /l + [a(z-z k )] 2 , forz<=z k ™° 



w here z is the longitudinal propag a tion position; w(z ) is 

15 the z-depend e nt lateral p o sition of th e central l ine o f the 

k th gap_; w k is the position of the centre o f th e k th gap at 

z = 0 ; w Q is_the beam waist at z = 0; X is the wave lengt h in 

va c uum, n e f f is the effective ind ex and R i s t he radi us of 

curvature of the ph ase front . 
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claim 17, wherein the equations E2 include a linearised 
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version and other mathematical approximation of the 
equations E2 . 

19. An optical coupler comprising: 
5 at least one input waveguide, a couplin g region 

optically connected to said input w avegui de ; and 

a plurality of output waveguides each optically 

connected to said coupling region, wherein said coupling 

region fu rther_ comprises a plurality of c oupl ed w aveguide s , 
1 0 at least so me secti on of said coupled waveg uides having a 

width that is le ss than a predetermined critical width at a 

predetermined wavelength at which said optical coupler is 
designed to oper ate. 

15 20. The optical coupler ac cor ding to any one_ of 

claim 1 9, wherei n said coupled wav eguides i__gjve^_ajt_J.east 

another p_art_ of t heir leng ths dive rging wi th respect to each 

other in the prop agati on di rection of ele ct roma gnetic 
r a dia tion launched in the said input waveguide. 

20 

21. The optical coupler according to any one of 

cla im 20 , wher ein centre lines of at least some of the gaps 
b etween the w aveguides in a coupling reg ion follow t he lines 

23 
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of a Gaussian field in accordance with equations El as 

follows : 



where z is the longitudinal propagation position; wjz ) is 
t h e z - dependent lateral position of the ce ntral line of the 



z=0; w 0 is the beam waist at z=0; X is t he wa v elen gth in 
v acuum, n ef £ is the effective index and R is the radiu s of 
c u r vature of the phase f ront^ 



claim 21, wherein the eq u ations El include a li neari s ed 

v e r s i on and other mathematical approximation of the 
equations El. 

23 . The qptj._cal coupler according to any o ne of 

claim 20, wherein the centre lin es of a gap between the 

wa ve g u i des in the coupling region follow t he lines_of_a 
field in acco rd ance with equations E 2 as follows J 



w(z) = w k Vl + (ctz) 2 ; a = 




k th gap; w k is the position o f the centre of the k r gap at 



22. The optical coupler according to any one of 




for z <= z k 



for z < z k 



a = 
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where z is the longitudinal propagation position; w { z ) is 

the z-depe nde nt lat eral position of the central line of the 

k th gap; w k is the position of the centre of the k th gap at 

z = 0 ; w 0 is the beam waist at z = 0 ; X is the wavelength in 

5 v acuum, n e f f is the effective index and R is the_radius_ of 
c urvature of the phase front. 

2 4. The optical coupler acco rain g to any one o f 
claim 2 3 , whe rein the equations E2 include a 1 inearised 

1 0 vers ion and othe r mathemat i cal approxi mat ion of the 

equations E2 . 
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